Two batches of a commercial double-low rapeseed meal (RSM) were separated into two fractions on sieves with a mesh diameter of 0.5 mm. In the higher-protein fractions (HP-RSM), which constituted about 35% of regular RSM (R-RSM), the crude protein level increased by 16% in the first batch and by 11% in the second, while crude fibre decreased by 19 and 14%, respectively. The glucosinolate (GLS) content rose from 15.5 to 16.7 uM/g defatted DM in the first batch and from 10 to 11.9 uM/g in the second. In both batches HP-fractions contained less methionine and cystine, while more histidine and phenylalanine than R-RSM.
INTRODUCTION
Rapeseed meal (RSM) is regarded as a valuable protein source for poultry because of its well-balanced amino acid composition. Moreover, RSM offers distinct 124 HIGH PROTEIN RAPESEED MEAL FOR BROILERS economic advantages to countries where meal from locally grown rape seed can replace imported soyabean meal. Thanks to low glucosinolate (GLS) levels, double-low varieties of RSM can be used to a greater extent in poultry diets than previously. A relatively high level of crude fibre is now thought to be a bigger obstacle than other limiting factors. Although recently developed yellow-seeded ,,000" varieties have thinner seed coats (Slominski, 1993) and contain less lignin and polyphenols, they are not yet grown on a large scale. Attempts are, therefore, being made to increase the proportion of rapeseed meal in diets for monogastric animals by decreasing those components which limit the availability of nutrients.
According to a new technology, rape seed is peeled at the oil mill before or after oil extraction. In France a new method for peeling rape seed before oil extraction has been developed. As a result of using it, a meal containing 43% less fibre and 17% more protein was obtained (Baudet et al., 1988 , cited by Chibowska, 1995 . In Poland Zernicki (1980) attempted to peel seeds with compressed air in an HEF dehuller-separator. However, the efficiency of the dehulling process was small, with only 40% of the seeds being peeled in the first and 58% after the second passage. At the present stage of technology, peeling methods are troublesome and require the use of complex and expensive equipments. It is easier to remove the hulls from rapeseed meal than to peel seeds.
The idea was to divide RSM by mechanical segregation into 2 fractions: one with lower crude fibre and higher protein (HP-RSM) and another with a higher fibre and lower protein levels. The former fraction provide a good feed for poultry, while the latter may be used for ruminants.
The objective of the experiments was to compare the effect of substituting soyabean meal (SBM) by regular RSM or HP-RSM on the performance of broilers.
MATERIAL AND METHODS
Two batches of commercial double-low, brown-seeded rapeseed meal (RSM) were mechanically segregated by passing through a 0.5 mm sieve. The fraction named HP-RSM constituted about 1/3 of regular RSM by weight, had less crude fibre and higher protein level, but slightly more glucosinolates (GLS) than regular RSM (Tables 1 and 2) .
Experiment 1 was carried out on 1190 Avian broilers kept on litter in 14 pens, each with 85 birds. During the first 3 weeks of life all birds were fed the same starter diet containing 22.5% crude protein (CP) and 12.3 MJ ME/kg. The main components of the diet were (%): maize, 35; wheat, 25 and soyabean meal, 26. At 21 days of life all broilers were weighed and randomly allocated to 7 groups, two replicates (pens) in each. During the next three weeks the birds were fed isoprotein and isoenergetic grower diets containing three levels of R-RSM or HP-RSM, while Table 1 the control group was fed a diet with 20% SBM. During the final week three finisher diets were fed (Table 4) . The dietary protein level was balanced by meat meal and meat-and-bone meal, the energy level by blended fat. Experiment 2 was carried out on 1190 Starbro broilers allocated to 14 pens of 85 birds in each. Up to 21 days of life all broilers were fed a starter diet containing 21.5% CP and 12.3 MJ ME/kg, with (%): maize, 30; wheat, 29 and SBM, 27, as the main components. From 21 to 48 days of life 7 groups were fed grower diets containing 20% CP and 13.3 MJ ME/kg while other 7 groups were fed diets containing 18.5% CP and 12.5 MJ ME/kg (Table 5 ).
All broilers were individually weighed in Experiment 1 at 3, 6 and 7 weeks, in Experiment 2 at 3 and 7 weeks of age. At the end of the experiments the birds were checked for sex. Four males and four females of a weight close to the mean for the group and sex were chosen from each of seven groups in Experiment 1 and from ten groups in Experiment 2 for carcass analysis. During dissection fatty tissue was taken off if found on the breast muscle.
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In RSM and HP-RSM dry matter, nitrogen, fat, ash and crude fibre were analyzed using standard methods (AOAC, 1990) . The amino acid content, excluding tryptophan, was determined on a Carlo Erba automatic analyzer. Glucosinolate content was analyzed by HPLC according to the ISO-9167 method (1991) .
The results were subjected to ANOVA (GLM) analysis (SAS Institute, 1985) .
RESULTS HP-RSMs contained more crude protein and less crude fibre than the RSM by 4-5 and 1-2.4 percentage units, respectively (Table 1) . HP-RSM from the first batch contained slightly more crude protein and crude fibre but less crude fat than that from the second batch. Total glucosinolate level was slightly higher in HP-RSM than in RSM (Table 2) .
In both batches HP-RSM protein contained less methionine and cystine while more histidine and phenylalanine than RSM (Table 3) . Experiment 1. Chickens receiving diets containing RSM were at 42 days of life significantly lighter (PO.01) than birds fed the control diet, but there were no significant differences between birds fed diets with R-RSM or HP-RSM (Table 6) . At the age of 48 days broilers offered R-RSM were heavier (P<0.05) than those fed diets with HP-RSM but lighter by 3-5%, respectively, than control ones. additionally, grower diets contained 25% maize and 15% barley, finisher diets no maize and 20% barley all diets contained 0.3% NaCl, 1% vitamin-mineral premix, 0.6% dicalcium phosphate and 0.6% limestone except G-l (0.7%) and G-2 (0.5%) respectively * calculated after Rhodimet Nutrition Guide (1993) to (1993) Feed conversion efficiency in groups fed diets containing RSM was poorer than in the control group in the grower period, but not in the finisher period (Table 6) .
Carcasses of chickens receiving diets with R-RSM contained more breast muscle and less fat (P<0.01) than the control birds (Table 7) . Relative liver weight of the birds fed diets with RSM or HP-RSM was not greater than that of control ones. Experiment 2. Dietary protein level, type or level of meal had no significant effect on final body weight of chickens (Table 8) . However, feed efficiency was better in the control groups than groups fed R-RSM or HP-RSM.
Birds fed diets with R-RSM or HP-RSM had larger livers (PO.05), expressed as percent of carcass, than those of the control groups (Table 9 ). However, there were very small differences in liver weight between birds receiving 21-24% or 11-13% RSM (Table 9) .
Relative weight of thyroid glands was much smaller in the control birds (8.4 mg/lOOg BW) than in broilers receiving 11-13% R-RSM (10 mg) or 23-24% R-RSM (12.8 mg). Statistically, highly significant differences were also observed between thyroid size of birds given R-RSM and HP-RSM (11.4 mg vs 13.2 mg/ 100 gBW). DISCUSSION Sieving RSM to decrease the crude fibre content proved not to be a very efficient procedure. Although dark-seeded rape contains no more than 22-25% hulls by weight (Mitaru et al.,1983; Smulikowska et al., 1998) , the HP-RSM fraction obtained by us constituted only 35% of the initial weight. In the experiment of Chibowska et al. (1993) sieving on 3 sieves with various mesh diameter resulted in achieving HP-fraction which constituted 50% of RSM. With regard to technological procedures, peeling before oil extraction may be more important. Fraction rich in hulls may be fed to ruminants (Keller et al., 1996) .
In the first batch of HP-RSM, crude fibre decreased by 19% and in the second by 14%), while the protein level increased by 16 and 11%, respectively. In the experiment of Shires et al. (1983) , quoted by Chibowska (1995) separation of hulls from RSM on sieves with a mesh diameter of 0.323 mm resulted in decrease of fibre content by 43%, but the amount of protein increased only by 8%. When separating RSM on a sieve with a mesh diameter of 0.4 mm Zernicki (1978) achieved a similar reduction of crude fibre level -from 15.6 to 9%, i.e. by 42%. In the experiment of Chibowska et al. (1993) the protein level increased from 36.2 to 42% DM, i.e. by 16%, while crude fibre decreased by 26% in the fraction which constituted 50% of RSM.
In the experiment of Seth and Clandinin (1973) , the level of lysine in the lowhull fraction of Bronowski RSM was the same as in our experiment and did not differ from the level in R-RSM. However, they found B. campestris and B. napus to contain significantly more lysine in the low-hull fraction than in regular RSM. The low-hull fraction separated from three varieties of RSM by Seth and Clandinin (1973) contained almost the same level of sulphur amino acids as regular RSM. Rape seeds contain aliphatic glucosinolates (progoitrin, gluconapin, glucobrassicanapin and gluconapoleiferin) and small amounts of indole type glucosinolates (4-OH-glucobrassicin). Vinyloxazolidinethione (VOT), the product of progoitrin hydrolysis, limits the uptake of iodine from blood and inhibits the reactions of thyrosine iodination resulting in hypothyroidism, while the indole derivatives inactivate liver enzymes.
In the first batch, HP-RSM contained 8% more GLS than regular RSM, and 16% more in the second batch. This is understandable, for the majority of GLS is found in the kernel, so dehulling results in an increased GLS concentration in the remaining fraction. In the first batch of RSM the glucosinolate level (15.5 |LiM/g defatted DM) was similar to that found by Korol et al. (1994) in the Ceres variety. In the second batch it was lower (9.99 |LiM/g), similar to the level of aliphatic GLS (9 |uM/g) in the experiment of Kinal et al. (1990) . These levels of GLS are lower than the upper permissible content in double-low rapeseed meal, i.e. 20 juM/g defatted DM (Koreleski, 1993) .
In the experiment of Kinal et al. (1990) the inclusion of 10% RSM in the starter and 15%> in the grower diet resulted in an increase in thyroid weight from 9.5 in the control group to 18 mg/lOOg BW. In our experiment thyroids were much smaller even when broilers were offered grower diets containing up to 24% RSM. Smulikowska et al. (1998) , when giving broilers 20% RSM containing 21 | LiM GLS/g, found that in 22-day-old cockerels the thyroid was only slightly heavier than in controls (8.4 vs 7.3 mg/100 g BW). Matsumoto and Akiba (1979) found that despite the enlargement of thyroid glands as a result of GLS intake, thyroid function in chickens was kept at a fairly good level. GawQcki et al. (1983) reported that various amounts of VOT and ITC consumed by birds gave a similar reaction and suggested that a strong negative reaction occurs when the intake threshold of these components has been exceeded. This is in agreement with the results of our experiment where no differences in broiler performance were found regardless of the level of RSM in the diet. Diets of high or moderate level of RSM had a similar effect on the liver size.
Because of lower digestibility of rapeseed meal protein and a slightly worse composition of exogenous amino acids, SBM was not replaced with RSM in the starter diets of our experiments. Early in life chickens grow very quickly and are particularly sensitive to feed quality.
In Experiment 1 the control diet contained 0.83% and the R-RMS or HP-RSM diets 0.70-0.73% digestible lysine calculated according to Rhodimet Nutrition Guide (1993) . In Experiment 2 the content was 0.78 or 0.70% in the control diets and 0.78-0.66% in the R-RMS or HP-RSM diets, depending on the crude protein level of the diet. In Experiment 1 replacing SBM, partly or completely, with RSM had an adverse effect on body weight gains of chickens, possibly because of the insufficient amount of digestible lysine.
In Experiment 2 there were no differences between broilers receiving the control SBM diet or various levels of R-RSM, only those given HP-RSM were slightly lighter. In the experiment of Simbaya and Slominski (1992) growth of White Leghorn cockerels was not improved on dehulled canola meal relative to the regular meal from brown or yellow rape seed.
In the experiments of Smulikowska et al. (1991) substitution by weight of SBM with RSM decreased crude protein in the diet from 187 to 168 g/kg and the lysine level from 0.92 to 0.72% (0.76 vs 0.62% available lysine). As a result, the body weight of 4-week-old broilers was 21% lower and feed efficiency was 8% poorer.
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HIGH PROTEIN RAPESEED MEAL FOR BROILERS Supplementing lysine up to 0.92% of the diet increased body weight and improved feed efficiency compared with the control group. In our experiments feed efficiency was not improved, even when the lysine level was elevated.
In the experiment of Koreleski et al. (1992) 8-week-old broilers fed grower/ finisher diets containing 15% double-low RSM weighed over 170 g less than those from the control group. There was also a significant difference in FCR (2.54 vs 3.03) in the period of 22-56 days of age, however the diets were not isoenergetic. Bouchardeau (1972) found that broilers fed diets with RSM were less fatty. Also in the experiment of Koreleski et al. (1992) , carcasses of broilers fed a diet with 15% RSM had slightly less abdominal fat than those of the control birds (1.4 vs 2.5%). This is in agreement with the results achieved by us in Experiment 1, but in Experiment 2 broilers fed the RSM diet had as much fat as those fed SBM diets.
CONCLUSIONS
Substitution of SBM by regular RSM or its fraction with higher protein and lower fibre content did not decrease the weight gain of broiler chicken when the available lysine level was maintained in the diet. Feed conversion efficiency, however, was poorer.
The HP-fraction containing more glucosinolates led to a greater enlargement of thyroid glands than did regular RSM. There were no differences in liver size of broilers fed R-RSM or HP-RSM.
Despite a slight decrease in feed efficiency, rapeseed meal can be regarded as a good component of a grower diet. Of great significance is the much lower price of rapeseed meal compared to soyabean meal and the fact that RSM did not lower the quality of the carcass.
